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THE NEW OPPORTUNITY IN SCIENCE! 

Since I had the good fortune to be some- 
what intimately associated with many 
phases of scientific development work in this 
country in aid of the war, and also had ex- 
ceptional opportunity, through reports 
which came weekly from the scientific at- 
tachés in London, Paris and Rome, to be- 
come familiar with similar developments in 
Europe, you will expect me to see the new 
opportunity in science in situations created 
by the war or in lessons taught by it. 
That expectation I shall endeavor not to dis- 
appoint. I shall accordingly introduce my 
subject by a brief review of the most note- 
worthy features of the methods employed 
and the results obtained in applying science 
to the needs of the great war. 

That you may be under no misapprehen- 
sion, however, regarding the importance of 
the rdle which I myself have played in these 
events let me begin with an incident of the 
summer of 1917. It was in the last week in 
March, 1917, that I gave up my academic 
duties and was called to Washington as 
vice-chairman of the National Research 
Council, charged particularly with the task 
of assisting in mobilizing the scientific men 
and the scientific facilities of the United 
States in aid of the war which was clearly 
coming, although it had not yet been de- 
elared. During the hectic months of the 
spring of 1917, when the civilian activities 
in aid of the war were directed by the 
Council of National Defense in the Munsey 
Building, I represented the Research Coun- 
cil upon the old Munitions Board and also 


1A lecture given on July 25 before the summer 
session of the University of Chicago. 
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as the representative of the Research Coun- 
cil was appointed by the Secretary of the 
Navy one of the four advisory members of 
the Anti-submarine Board, which was the 
board charged with the direction of the 
anti-submarine experimenting in the United 
States. <A little later, when it was finally 
decided that the supply and development 
work for the American Army was not to 
be carried on as in England by a civilian 
organization headed by a minister of muni- 
tions, but was to be conducted by the bu- 
reaus and corps of the Army itself, like 
many others who had been intimately asso- 
ciated with the work of the Council of Na- 
tional Defense I was placed inside the Army 
and given charge of the so-called Science 
and Research Division of the Signal Corps. 
I had held this office for about a month 
and had been passing back and forth in the 
Munsey Building in a major’s uniform, 
when one morning there appeared in the 


Washington Post an editorial entitled ‘‘The 
Unconquerable Spirit.’’ This editorial was 
inspired by the appearance of two books, 
of one of which I had been the unfortunate 
author, while the other was from the pen 


of Professor Henry Fairfield Osborn. The 
one dealt to some extent with the evolution 
of matter, and the other with the origin and 
evolution of life on this earth, and the editor 
having had his attention directed to these 
two books sat him down and opined about 
as follows: ‘‘Here is a world at war and yet 
there are found two detached, imperturb- 
able souls, one of whom is still dreaming 
about the origin of matter and the other 
about the origin of life, all unconscious of 
the cataclysmic events which are taking 
place in the world in which we live.’’ This 
editorial was penned in the building ad- 
joining that in which I had been going back 
and forth in soldier clothes for as much as 
a month and in civilian clothes for three 
months more. Mrs. Millikan, whose pride 
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was more or less touched by the incident, 
suggested that the editorial was improperly 
named, that it should have been entitled not 
‘‘The Uneonquerable Spirit’’ but ‘‘The 
Contact of the Press with Reality’’ or 
**Asleep on the Post.’’ I am sure I should 
be glad to accept the emendation and I pre. 
sume Professor Osborn would also, if the 
editor of the Post would agree. But in any 
event the incident gives an altogether cor. 
rect picture of the conspicuousness of the 
role which I played in Washington affairs 
during the period of the war. 

A wise man learns even more from his 
failures than from his successes. One of the 
most dismal failures of the war was made 
in the endeavor by all of the principal bel- 
ligerents to utilize the inventive genius of 
the average citizen. Every major belliger- 
ent had a board of inventions and research 
to which every man with an idea was asked 
to communicate that idea. All of these 
boards had precisely the same experience, 
in England, France, Italy and the United 
States. They all agree that not one sug- 
gestion in ten thousand which came in in 
this way was of any value whatever, and 
that the occasional worth-while idea which 
was presented to these boards was in gen- 
eral arrived at earlier in other ways. It 
may then be set down as a fact fairly well 
established by the experiences of the Great 
War that rapid progress in the application 
of science to any national need is not to be 
expected in any country which depends, 
as most countries have done in the past, 
simply upon the wndirected inventive 
genius of its people to make these applica- 
tions. 

And yet every one of the aforemen- 
tioned countries actually did make during 
the war extraordinarily rapid progress iD 
applying new scientific methods to the 
problems of submarine detection, of avia- 
tion, of signalling, of gas warfare, of me- 
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chanical warfare and of the location of 
enemy guns, airplanes and mines. How 
was it done? What was the method 
adopted to stimulate development in such 
an extraordinary way as it was stimulated 
during the Great War? Let me answer 
by relating a single chapter from our own 
experience, which is not only representa- 
tive of all American experience in this 
field, but is also similar in essential par- 
ticulars to the experiences of the other 
countries mentioned. 

On March 3, 1917, two days before the 
United States had declared war, the Mili- 
tary Committee of the National Research 
Council, consisting of the heads of the 
principal technical bureaus of the govern- 
ment, both military and civil, and the 
chairman and vice-chairman of the coun- 
cil, met at the Smithsonian Institution in 
Washington and dispatched at once a Sci- 
entific Mission to Europe to ascertain by 
first-hand eontact and to report back to 
the United States the exact status at that 
time of scientific development work in Eu- 
rope in aid of the war. This mission was 
received with open arms by the Allies, for 
it arrived at the darkest hour for France 
in the history of the war, namely, the hour 
following the disastrous attempts which 
General Petain made to push back the 
German lines in the spring of 1917. 

The French government, headed at that 
time by M. Painlévé, himself a scientist, not 
only gave the seven scientists, Messrs. 
Ames, Burgess, Hulett, Williams, Dakin, 
Reid and Strong, who constituted this mis- 
sion, opportunity to come into intimate 
contact with all scientifie developments 
under way or projected at that time, but 
he arranged to have a return mission, con- 
sisting of some of the most eminent of 
French, British and Italian scientists, such 
aS Majors Fabri and Abraham, le due de 
Guiche, and Professor Grignard from 
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France, Sir Ernest Rutherford and Com- 
mander Bridge from England, Lieutenant 
Abetti from Italy, sent back to this coun- 
try with definite official instructions to 
hold back nothing, but to lay all the facts 
and plans of the Allies relating to scien- 
tifie developments in aid of the war before 
properly accredited scientific men in the 
United States. 

The National Research Council, which 
acted as the hosts of this mission in the 
United States, with authority conferred 
upon it by the War and Navy Departments, 
called a conference in Washington of 
some of the best scientific brains in the 
United States and for a period of a full 
week this conference met and discussed in 
detail the progress thus far made and the 
plans projected in the fields of submarine 
detection, of location of guns, airplanes 
and mines by sound, of ordinance, of sig- 
nalling, of aviation instruments and acces- 
sories, and of chemical warfare. 

As a result of these conferences there 
were organized through the cooperative 
effort of the National Research Council 
and several of the bureaus of the Army 
and Navy, a considerable number of 
groups of scientific men, each of which 
was charged with the development of some 
particular field. For example, Professor 
Trowbridge, of Princeton, and Professor 
Lyman, of Harvard, were selected and 
placed in charge of the development in 
this country of the sound-ranging service. 
They and the group of scientific men whom 
they associated with them were first given 
commissions in the Signal Corps, and with 
Signal Corps authority and funds started 
development work in sound-ranging at 
Princeton University and at the Bureau of 
Standards. This whole group was later 
transferred to the authority of the Engi- 
neer Corps, but its directing personnel 
remained in the main unchanged and it 
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did extraordinary work in the whole of the 
fighting of the summer of 1918, locating 
hundreds of guns by computing the center 
of the sound wave from observations made 
on the times of arrival of the wave at from 
three to seven suitably placed stations. 
This method had never been used in any 
preceding war and it proved extraordinar- 
ily accurate, a gun being located five miles 
away with an error of less than fifty feet. 

Again it is not an over-statement to say 
that the most effective of the anti-subma- 
rine work done in the United States grew 


directly out of that conference, and it’ 


grew out of it in this way. As Lord North- 
cliffe continually reiterated on his trip to 
the United States in the spring of 1917, 
the submarine problem was at that time 
the problem of the war, for while Europe 
might fight with little to eat, it could not 
fight without iron and oil and other sup- 
plies which this country alone could fur- 
nish, and in the spring of 1917 civilization 
trembled in the balance, because the sub- 
marine was seriously threatening to de- 
stroy all possibilities of transportation 
from this country to Europe. The Eng- 
lish scientists therefore, in particular, 
came to this country directed by their gov- 
ernment to lay before the American scien- 
tists every element of the foreign anti-sub- 
marine program, whether already accom- 
plished or merely projected, and in the 
conference under consideration a large part 
of the diseussion centered around the sub- 
marine situation. Now the problem of 
submarine detection, as Sir Ernest Ruth- 
erford repeatedly pointed out, was a prob- 
lem of physics pure and simple. It was 


not even a problem of engineering at that 
time, although every physical problem, in 
general, sooner or later becomes one for 
the engineer, when the physicist has gone 
far enough along with his work. Hence, 
the number of physicists being quite lim- 
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ited, the number of men who had any large 
capacity for handling the problem of anti- 
submarine experimentation was small, 
These men existed mostly in university 
laboratories or in a very few industrial 
laboratories which employed physicists, 
and we unquestionably had gathered a 
very representative group of them to- 
gether in the fifty men assembled in the 
conference at Washington. The success or 
failure of our anti-submarine campaign, 
and with it the success or failure of the 
war so far as we were concerned depended 
upon selecting and putting upon this job 
a few men of suitable training and capac- 
ity. 

At the close of that conference a small 
committee was appointed to select ten men 
to give up their work and to go to New 
London to work there night and day in the 
development of anti-submarine devices. 
The men chosen were Merritt of Cornell, 
Mason of Wisconsin, H. A. Wilson of Rice 
Institute, Pierce and Bridgman of Harvard, 
Bumstead, Nichols and Zeleny of Yale, 
and Michelson of Chicago, although Pro- 
fessor Michelson was almost immediately 
taken off for other work of much urgency 
and Chicago was represented in a fashion 
by the writer who was there a portion of 
each week. This group worked under the 
authorization of the Secretary of the 
Navy and with the heartiest of cooperation 
from the Navy Department, although it 
was at first financed by private funds ob- 
tained by the National Research Council. 
In the course of a few months, however, 
when it had demonstrated its effectiveness 
it was taken over by the Navy, which spent 
more than one million dollars on the ex- 
perimental work at that place. This sta- 
tion with its chief scientific personnel not 
largely changed became the center of our 
anti-submarine activity, and with other 
stations, one at Nahant, Mass., embracing 
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chiefly the physicists of the General Elec- 
trie Company, the Western Electric Com- 
pany and the Submarine Signaling Com- 
pany, one in New York presided over by 
Dr. Pupin, of Columbia, and one in San 
Pedro, Calif., which, like the New York 
station, was organized under the Research 
Council, made remarkable progress in the 
rapid development of anti-submarine 
devices—devices which exerted a notable 
influence upon the reduction of submarine 
depredations, and made it possible even by 
the fall of 1917, to predict that the sub- 
marine menace could be eliminated. Un- 
questionably the most effective device de- 
veloped in America, and one which played 
a real role in the elimination of that 
menace, was one which grew immediately 
and directly out of the above-mentioned 
conference. The French had already de- 
veloped an apparatus consisting of a sort 
of great sound lens which brought the in- 
coming pulses together in the same phase 
at the center of the lens near the bottom 
of the hull. This was presented and dis- 
cussed at length in the conference. A full 
official report of the device was sent by the 
French government to the Anti-submarine 
Board of the Navy, and at a meeting of 
that board the writer requested to be al- 
lowed to take this report to the group of 
scientists at New London for the sake of a 
thorough analysis of it, for he felt confi- 
dent, and so stated at the time, that 
through such an analysis we would obtain 
variants of the device which would be an 
improvement upon it. This procedure was 
followed and for two days ten men as- 
sembled at a hotel in New London and 
studied that report, drawing up four or 
five different variants of this device to de- 
velop and try out. The most successful 
and effective detector which actually got 
into use in the war was one of these vari- 
ants of the original French device. Many 
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of our submarines and destroyers which 
went across during the summer of 1918 
were equipped with it, and now it is being 
still further developed for peace use, 
rather than for war, for it is possible 
through it to eliminate the chief terror of 
the sea, namely collision in fog. And, 
when it is remembered that the preventing 
of a single disaster like the sinking of the 
Titanic or of the Empress of Ireland more 
than pays, without any reference to the 
value of human lives, for all the time and 
money spent by England, France and the 
United States combined in developing 
detecting devices, it will be seen how short- 
sighted a thing it is for any country to 
fail to find in some way the funds neces- 
sary for carrying on research and develop- 
ment work in underwater detection. For 
decades and for centuries we have allowed 
ships to go down year by year needlessly, 
simply because we have not realized the 
possibilities of prevention through prop- 
erly organized scientific research in this 
field. 

But it has not merely been in sound 
ranging and in submarine detection that 
the war has demonstrated the capabilities 
of science. Every single phase of our war 
activities has told the same story. Turn, 
for example, to the development of new 
scientific devices for use with aircraft. 
How was that handled? The Science and 
Research Division of the Signal Corps, or- 
ganized through the cooperation of the 
Signal Corps and the National Research 
Council and later transferred to the Bu- 
reau of Aircraft Production, had a group 
of as many as fifty highly trained men, 
physicists and engineers, who were work- 
ing in Washington and in the experi- 
mental station at Langley Field, twelve 
hours a day, seven days a week, on aviation 
problems—one group on improvements in 
accurate bomb dropping, another on im- 
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provements in airplane photography, 
another on the mapping of the highways 
of the upper air in aid of aviation, another 
upon balloon problems, such as the devel- 
opment of non-inflammable balloons con- 
cerning which you have read in the papers, 
another on aviation instruments, com- 
passes, speed meters, etc., and producing 
the best there are in the world, and finally 
a chemical group on new sources for ace- 
tone for airplane coverings, new sensitizing 
dyes for long wave-length photography, 
ete. Let me select for special comment 
but one or two of the seventy odd prob- 
lems which these groups alone were ac- 
tively engaged upon at the signing of the 
armistice. 

Throughout the whole of the war bomb- 
ing was done in a very inaccurate, a very 
hit-or-miss way. At Langley Field a 
group of able scientific men were set upon 
that problem—and there are only a few 
men in the country who have the requisite 
training for handling the difficult prob- 
lems of stabilization which are here in- 
volved. That group, headed by Dr. Duff, 
improved the accuracy in bombing so far 
as the main error was concerned, which is 
in the determination of the vertical, by 
more than three-fold, and when it is re- 
membered that a three-fold increase in the 
accuracy of placing bombs is exactly the 
equivalent of a three-fold multiplication 
of the production of bombing planes, it 
will be realized how important it is to de- 
vote the small funds necessary to get sci- 
entific men to solving these problems, and 
not to confine attention merely to the 
problems of production. 

Or, take again the problem of airplane 
photography. The developments of the 


war have completely revolutionized the 
whole art of surveying, for a camera in an 
airplane can now take in a few seconds a 
complete map of any locality, even from a 
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height as great as 25,000 feet. It is only 
necessary to have a few fixed points on 
the photograph which are determined by 
the old triangulation methods and, by 
simply measuring up the photograph you 
have all that it used to take years of 
time to get by the old-time methods, 
Probably the finest airplane cameras in 
existence were developed by the American 
group assigned to that task. 

Or, look at the work of the Meteoroiog- 
ical Section of the Science and Research 
Division. It developed long-range propa- 
ganda balloons, capable of flying more 
than one thousand miles in the upper re- 
gions of the air where the prevailing 
winds are practically always from west to 
east and have speeds of 30, 40, 50 or even 
100 miles an hour. It also mapped these 
upper regions in aid of aviation, an under- 
taking the importance of which can be 
seen from the fact that an aviator above 
the clouds who knows nothing of the di- 
rection of the winds will move toward his 
objective 200 miles an hour faster if he 
is helped by a 100-mile wind than if he is 
opposed by it. 

These are merely samples of the results 
which were obtained in extraordinarily 
rapid time by the group-method of attack 
upon the scientific problems of the war, 
and these are merely a few of the develop- 
ments which came under the writer’s im- 
mediate attention. 

In the Chemical Warfare Service equally 
rapid and equally important work was 
done in the development of new gases and 
in the development of means of absorbing 
enemy gases in gags masks. I am quite 
happy to be able to say that Professor 
Lamb, who was at the head of the Offen- 
sive Gas Warfare activity, has assured me 
that the key to the development of the 
American gas mask came from the work 
which Dr. Lemon has for years past been 
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earrying on at Ryerson Laboratory on the 
absorption of chareoal. In the Ordnance 
Department too under the leadership of 
Professor F. R. Moulton, of our depart- 
ment of astronomy, new methods of com- 
puting the trajectories of projectiles were 
developed in collaboration with the meteo- 
rological service, already referred to. New 
sets of range tables were devised which 
included corrections for the so-called ballis- 
tie wind. Without such corrections which 
are altogether new in artillery practise, 
firing by the map, which, in view of the de- 
velopment of long-range guns and camou- 
flage, represents a large fraction of all fir- 
ing, becomes utterly impossible, for the 
ballistie wind correction would often make 
a difference of a half a mile in the point 
of landing of the projectile. When it is 
remembered that the biggest element in 
the effectiveness of a modern army is its 
artillery, and that the effectiveness in the 
artillery is dependent entirely upon the 
accuracy of these wind corrections, it will 
be seen how inealeulably valuable the 
work of the trained physicist and mathe- 
matician has proved to be to the practical 
problems of modern war. 

Do not, however, let me give the impres- 
sion that our groups in this country have 
been more successful than have corre- 
sponding groups in England and France. 
The general method of attack has been the 
same in all these countries, and the experi- 
mental groups in them all have functioned 
as a unit through the development of the 
so-called Research Information Service, 
which was financed by a grant of some- 
thing like $150,000 which the President 
gave from his emergency fund to the Na- 
tional Research Council for the establish- 
ment of four offices, one in Washington, 
one in London, one in Paris and one in 
Rome. The office in Washington was 
headed by a group of three men: the chief 


SCIENCE 


291 


of the Army Intelligence Service, the chief 
of the Navy Intelligence Service, and the 
chairman of the National Research Coun- 
cil: the group in London by the naval 
attaché, who is Admiral Simms himself, 
the military attaché, and a new appointee 
called the scientific attaché, chosen by the 
National Research Council. The function 
of the scientific attaché in England was to 
keep in touch with all researeh activity in 
that country and to send back almost daily 
reports to our office in Washington. 
Similarly, all reports of work done on this 
side were sent by uncensored mail or by 
cable to the offices of the scientific attachés 
in London, Paris and Rome and distrib- 
uted from there to ‘the research groups in 
Europe. At the request of the General 
Staff, the Secretary of War issued orders 
to all army officers who were sent on scien- 
tific and technical missions to make dupli- 
cate reports, one to the officer who sent 
them and the other to the office of the sci- 
entific attaché, so that there might be a 
central agency through which an intercon- 
nection might be had between all kinds of 
new developments. 

Furthermore, through the authority con- 
ferred by the Military Committee of the 
National Research Council, embracing the 
heads of the technical bureaus of the Army 
and Navy, Admirals Benson, Griffin, Earl 
Taylor and Generals Williams, Squier, 
Black and Gorgas, there was held in Wash- 
ington at the office of the National Re- 
search Council a weekly conference which 
reviewed all the reports from abroad each 
week and put the workers on this side into 
the closest touch with the developments on 
the other side. The whole plan was an 
admirable illustration of the possibilities 
of international cooperation in research. 
In the submarine field, for example, all 
anti-submarine work in England, France 
and Italy which was reported by cable and 
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by uncensored mail immediately to the 
office of the Research Council in Washing- 
ton, was taken each Saturday night to 
New London and presented in digested 
form to the group of scientists which was 
working there continuously on submarine 
problems. Similar arrangements were 
made with the aeroplane research groups, 
sound ranging groups, ete., so that in the 
Research Information Service we had the 
first demonstration in history of the possi- 
bilities of international cooperation in re- 
search on a huge scale, a sort of coopera- 
tion which made it possible for any devel- 
ment, or any idea which originated in any 
of the chief civilized countries of the 
world to go at once, very frequently by 
cable, to all the other countries and to be 
applied there as soon as possible, or to 
stimulate carefully selected groups of com- 
petent technical men in these countries to 
further development. The extraordinary 
rapidity with which scientific developments 
were made in the war was unquestionably 
due then, first, to the forming of these 
highly competent research groups, and sec- 
ond, to the establishment of effective chan- 
nels for the cooperation between these 
groups. 

But what have all these accomplishments 
of science in the war to do with the new 
opportunity in science? Simply this; for 
the first time in history the world has been 
waked up by the war to an appreciation of 
what science can do. Why have we gone 
on for hundreds of years wasting millions 
and hundreds of millions of dollars in col- 
lisions between ships? Why have we not 
years ago in times of peace gone at the 
problems of under-water detection in the 
way in which we went at them during the 
war? Simply because men in authority 
have been asleep to the possibilities. But 
now for the moment at least they are 
awake. How long they will remain awake 
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is problematical. But just now the war 
has taught our political and industrial 
leaders what science can do. The war has 
also taught young soldiers that they need 
their science for success. Administrative 
positions in the industries are to-day being 
filled as never before from the ranks of the 
technically trained men. The war has 
taught the prospective officer that he can 
not hope for promotion unless he has sci- 
entific training. The war has taught the 
manufacturer that he can not hope to keep 
in the lead of his industry save through the 
brains of a research group which alone 
can keep him in the forefront of progress. 

As a result of all this there is indeed a 
new opportunity in every phase and 
branch of science. There is a new oppor- 
tunity, first, for science in the secondary 
schools. I hope, at least, that we are going 
to have an awakening among our principals, 
superintendents and educational leaders 
which will make it possible pretty soon to 
get consecutive, systematic, thorough work 
in science in the high schools. This is 
simply a matter of school administration 
and organization, and I hope some time 
principals and superintendents will wake 
up to that fact. So long as they continue 
to do what is called in the service ‘‘ passing 
the buck,’’ and put it all up to the teacher 
of science who is absolutely helpless with- 
out them no progress can be made. So 
long as our elementary science is taught 
by what I choose to call the pellet method 
of instruction, by which I mean that the 
science is split up into yearly or half- 
yearly doses without antecedents and with- 
out consequents, we shall never have worth 
while training in science in the public 
schools, no matter what the angle of ap- 
proach, or what the arrangement of sub- 
ject-matter. The crying need is not for a 
reorganization and rearrangement of the 
subject-matter of science. That has been 
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done and redone every year for twenty 
years to no avail and it will continue to be 
done to no purpose until we get a reor- 
ganization of the curriculum which makes 
it possible for the same group of students 
to get say three continuous years of science. 
The General Science movement has unques- 
tionably thus far been a step backward, 
rather than a step forward, for it has in- 
tensified the pellet-science evil instead of 
eliminating it. It is acceptable to princi- 
pals and superintendents simply because 
the easy thing from an administrative 
standpoint is to have no continuous courses 
at all, and we have in recent years been 
doing for the most part in our school or- 
ganization the easy thing instead of the 
pedagogically sound thing. There is then 
a new opportunity and a tremendous one 
for those of us who are connected with the 
teaching and administration of science in 
the high school. 

Second, there is a new opportunity for 
the application of science to the industries, 
for the war has demonstrated in the ways 
which I have indicated, the effectiveness 
of work of groups of well-trained scientific 
men, and the leaders of our industries are 
awakening to that fact, and they are now 
forming such research groups. Three 
large manufacturing establishments have 
written to me within a month, saying that 
they were starting departments of physical 
research in connection with their indus- 
try and they wanted highly competent 
physicists to man those departments. The 
Ph.D. in physies, if he is a man of ability, 
is in demand to-day in the industries as he 
has never been before. 

Third, there is a new opportunity for 
the established scientists in the develop- 
ment of the possibilities of cooperative re- 
search among themselves. Most of the work 
in science in the past has been done by the 
individual, isolated experimenter. The 
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war has demonstrated the immense advan- 
tage of cooperation between research 
groups even though they be in different 
countries, and the National Research Coun- 
cil is making vigorous efforts at the pres- 
ent time to open up the possibilities of 
cooperative research even of an interna- 
tional kind. Under the stimulus of that 
body there is being formed this week in 
Brussels a new International Physical 
Union, a new International Geophysical 
Union, a new International Astronomical 
Union, a new International Chemical 
Union. In this country the Physical Sci- 
ence Division of the National Research 
Council has divided up the field of physical 
research into twenty departments, has as- 
signed a group to each department, and 
has found a way by which we can try out 
the possibilities of cooperative research in 
physies, by getting most of the workers in 
each field together once or twice a year for 
the sake of comparing notes, analyzing the 
whole situation, eliminating as far as may 
be duplication, and starting new work on 
fields that do not seem to be adequately 
covered by work already under way, and 
in general stimulating one another by mu- 
tual contact. This, I take it, is one of the 
great opportunities in science at the pres- 
ent moment, and I anticipate great results 
from the introduction of this method. 
Fourth, there is to-day a new opportu- 
nity in science for the young American 
who is facing the problem as to where his 
life ean be spent on the whole most effec- 
tively. It is to be assumed that most men 
are at bottom altruistic, that most men ~ 
seek to direct their lives into channels in 
which they can make them most worth 
while for the race. I should like to divide 
all altruistic effort into three great classes: 
The first has to do with efforts toward 
the improvement of the individual charac- 
ters and lives of men. This is the field 
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which for thousands of years has been the 
chief concern of religion, and it is perhaps 
the most fundamental and most important 
of all. Its needs and its opportunities are 
eternal, and no thinking man leaves it out 
of account. But it is not this field to 
which I am directing attention to-day. 

The second type of effort has to do, in 
one form or another, with possible and 
projected changes in the distribution of 
wealth. In this category are found all ef- 
forts toward social rearrangements, and 
educational reform, brought about either 
by legal enactment, or by the development 
of an enlightened public opinion. No man 
in his senses would belittle this type of 
effort. The needs are tremendous and 
every right thinking man bids every 
worker of this sort godspeed. This is, 
however, the field in which most of the 
moot questions exist and in which most of 
the big mistakes are made. Moreover, this 
is the field which is always before the pub- 
lic eye, and which absorbs nine tenths of 
the nations’ eapacity for discussion in 
print or on the platform. 

But it may after all be questioned 
whether effort in this field has as good a 
echance—I had almost said one tenth as 
good a chance—of effectiveness in contrib- 
uting to human well-being as has effort in 
the third field, namely, the field which has 
to do broadly with the creation of wealth 
rather than with its distribution. This 
last is the field of scientific and engineer- 
ing endeavor; for the scientist is, in the 
broad sense, a creator of wealth as truly as 
is the man whose attention is focused on 
the application of science. Indeed, the 


scientist is merely the scout, the explorer, 
who is sent on ahead to discover and open 
up new leads to nature’s gold. His motive 
may be merely to find out how nature 
works, but once that knowledge has been 
gained, man almost always finds a way to 
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apply it to his own ends, so that in a very 
real sense all scientific effort is directed 
toward the improvement of human well. 
being through the creation of more wealth, 

Now it goes without saying that it is im. 
possible to distribute more than is created, 
and where the wealth is once created there 
is no little evidence that natural processes 
in the long run do a good deal, at least in 
democratic countries, toward producing 
a more or less reasonable distribution. 
The inequalities and injustices which strike 
the eye are of much less general signifi- 
cance than the superficial observer realizes. 
A progressive economist told me the other 
day that I was probably making an over- 
estimate when I stated that a complete 
levelling of all incomes in the United 
States might possibly increase the income 
of the average worker by 10 per cent. I 
am informed by one who is in position to 
know the facts that such a complete level- 
ling in the telephone industry, for ex- 
ample, could not increase the average in- 
come of the wage earner by more than 2 
or 3 per cent., and I have been given, from 
what I consider fairly reliable sources, 
about the same figures for the steel indus- 
try. It is probable that the total possibili- 
ties of improvement of conditions through 
changes in distribution are very limited, 
while possibilities of improvement through 
increase in production are incalculable. 
But whether rough figures and estimates 
like the foregoing have any value or not, 
this much may be set down as certain. 
The present distress in Europe is not due 
to bad distribution but simply to lack of 
production. Equally certain it is that no 
one who visited Europe frequently before 
the war and came back to this country, as 
I have often done, with the observation 
that here one finds in comparison with 
Europe large comfort, large intelligence, 
large well-being in the case of the average 
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man, will claim that the prosperity and 
comfort of the average American citizen 
as compared with his European brother is 
due to a better mode of wealth distribu- 
tion which is in use in this country. Our 
erities claim that we have the worst system 
of distribution in the world, since it is here 
that the great fortunes are piled up. 
There can be no question that the better 
wage and the greater prosperity of the 
American workman is due primarily if not 
wholly to the fact that the American work- 
man in every line of industry actually 
produces from two to five times as much 
per man-hour as does his European 
brother. The reasons for this fact need 
not concern us here. They lie partly no 
doubt in our national resources, partly in 
a spirit of accomplishment which has been 
ereated here, and partly, though not 
wholly, in our use of labor-saving ma- 
chinery. But it is the fact and the obvious 
consequence of it in the imereased oppor- 
tunity and well-being of the average man 
to which I would here call attention. How 
unimaginable then the stupidity and how 
pathetic the blundering of that large class 
of labor leaders who are endeavoring to 
improve the conditions of labor by limiting 
production. Such efforts can only bring 
disaster. If suecessful they merely result 
in robbing one class at the expense of 
another, and the robbed class is, in gen- 
eral, the one which is already least favor- 
ably situated. 

However important, then, the problems 
of distribution may be there can be no un- 
certainty about the even greater impor- 
tance of the problems of production. One 
little new advance like the discovery of 
ductile tungsten, which makes electric light 
one third as expensive as it was before, is 
a larger contribution to human well-being 
than all kinds of changes in the social 
order. The man who finds a way to so 
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harvest his hay as to make a given plot of 
ground feed twice as many cattle as it did 
before has contributed immeasurably to 
human welfare. So has the biologist who 
shows mankind how to defeat the law of 
Malthus and to propagate rationally in- 
stead of in accordance with the law of the 
jungle. Or again the pure scientists who 
for ten years worked out the properties of 
discharges of negative electricity through 
highly exhausted bulbs and so made pos- 
sible the use of pure electron discharges in 
multiplying enormously the possibilities 
of telephonic and telegraphic communica- 
tion—the cornerstone of international good 
will—have made their lives count for hu- 
manity as very few political or social re- 
formers have ever been able to do. These 
are the sort of opportunities which lie be- 
fore the young man who is now choosing 
his life work in science, and incomparable 
opportunities they are. 

Imagine a country which is made up of 
hills and valleys and in which the valleys 
often become flooded so as to drown out 
the valley-dwellers. A part of the people 
of this country set to work to level down 
the hills and fill in the valleys so that all 
the inhabitants may live in safety. These 
are the political and social reformers. 
And another part, without attempting to 
interfere with the topography, set them- 
selves the task of raising the whole level 
of the land or lowering the level of the 
water so that the danger of floods is alto- 
gether gone. These are the creators of 
new wealth, the scientists and engineers. 
Both groups are needful to progress, but 
I suspect that the second group is less 
likely to make costly mistakes and more 
likely to accomplish useful results than is 
the first group. Neither group, however, 
should slacken its effort. 

Fifth, there is a new opportunity in sci- 
ence for the man who wishes to invest his 
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wealth so that it will yield the largest pos- 
sible returns to his country and his race. 
The United States has not in the past been 
the leading scientific nation, it can not even 
claim to have been on a par with two or 
three of the foremost scientific nations, at 
least if population is considered in as- 
signing places. The number of outstand- 
ing scientists whom we have thus far de- 
veloped in this country has not been at all 
proportionate to our population. This I 
take it is not because we do not produce 
as able men as any nation, but because our 
ablest men have not gone in large numbers 
into scientific activities. Why? Simply 
because the publie appreciation of science 
has not been strong enough; because the 
role which science plays in the march of 
progress has not in the past been suffi- 
ciently generally realized among us; and 
because we have not developed centers of 
scientific research in which the atmosphere 
of research can be breathed by the young 
American who is about to choose his life 
work. If anything has been demonstrated 
by the history of the last century it is that 
that nation which is in the forefront in 
scientific developments is the nation which 
is going to lead in commerce and in indus- 
try and in every other phase of human ac- 
tivity. For who with eyes to see and ears 
to hear and a brain to consider can doubt 
for a moment that the keynote of modern 
civilization lies in the control of nature’s 
forces by man, and who can doubt that 
that country which ferrets out nature’s sec- 
rets most successfully will be the country 
which controls those forces most effec- 
tively? What then can be done to make 
this country utilize its tremendous natural 
advantages to the full and play the rdle 
which it ought to play in the progress of 
science and the world? I might answer in 
terms of the programs vf the nations which 
have been stimulated by the war to the 
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development of new programs of scientific 
research. Great Britain, Canada, Aus. 
tralia, Japan, have all recently made large 
governmental appropriations in aid of re. 
search in the physical sciences. Some of 
them are founding with these funds great 
research institutes, as Germany did before 
the war. Efforts of this kind are not to be 
decried. They will undoubtedly serve a 
useful purpose. But they are not in them- 
selves adequate to our American situation. 
The mode of approach is not that which 
conforms best to the genius of our institu- 
tions or which the experience of the past 
indicates is likely to yield the largest re- 
turns.. Furthermore, we are already in 
many places in this country over equipped 
with facilities and under equipped with 
men. Every purely research laboratory, 
whether under the control of the govern- 
ment or of an industry, is in the first in- 
stance a man-consuming rather than a man- 
producing institution. Our greatest need 
is not for more facilities, but for the selec- 
tion and development of men of outstand- 
ing ability in science. Find a way to select 
and develop men and results will take care 
of themselves. This need for the develop- 
ment of men can be met only by the Amer- 
ican universities. But it can not be met 
even by them unless we check in some way 
the tendency, met because of the growth in 
numbers in all our universities, for instruc- 
tion to encroach upon and crush out re- 
search. The stimulus to research which 
comes from its association with advanced 
instruction is unquestionable and _ the 
broadening influence of a university is per- 
haps well-nigh essential to the best growth 
of the scientific mind. Hour for hour re- 
search in universities is probably much 
more effective than research in detached 
research laboratories, but the difficulty is 
that the number of hours available in most 
of our universities is still pitifully small. 
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The universities can not possibly fulfill 
their function of selecting and developing 
scientific men of outstanding ability wmless 
they create within themselves the atmos- 
phere of scientific research. The creation 
of research men may not be the prime 
function of all universities but it should 
certainly be the prime function of some 
of them. One of the most urgent needs 
then of America to-day is for the develop- 
ment in connection with five or six Ameri- 
can universities of great research insti- 
tutes in the natural sciences, such as do 
not exist at all to-day, institutes in which 
there will be as many able investigators 
devoting two thirds of their time and 
energy to research as are now found in the 
detached research institutions like those of 
the Carnegie Institution and the Rocke- 
feller Institute for Medical Research, or 
the research laboratories of the Western 
Electric, General Electric and the West- 
inghouse companies. It is believed that 
such institutes in connection with Ameri- 
can universities, where they will be freed 
from the limitations of industrial labora- 
tories, divorced from the narrowing influ- 
ences of detached research institutions, so 
placed that the research atmosphere which 
they create can be breathed by the most 
talented youths who pass through our 
American educational system, will exert a 
very marked influence upon the develop- 
ment of preeminent scientific men in 
America and upon making this country a 
center of the world’s scientific life and 
progress. How can such institutions be 
created? Perhaps by government initia- 
tive. But if we may argue from the past 
the development is likely to come about in 
America in another way. We have de- 
veloped in the United States a highly patri- 
otic and highly intelligent public sentiment 
which stimulates men of wealth and power 
to devote themselves and their fortunes to 
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great public enterprises. No country in 
the world has developed such groups of 
private individuals who -hold their talents 
and their wealth as public trusts. Most 
of our great advances in the past have been 
through private initiative, and I suspect 
Mr. Elihu Root was as usual a wise coun- 
selor when he said recently in substance, 
‘Tf we are going to conserve the finest ele- 
ments in Anglo-Saxon civilization, we 
must conserve the method of free private 
initiative and not depend primarily upon 
government aid.’’ The great opportunity 
in science then for the man who wishes to 
invest his funds where they will count most 
for his country and his race lies in the en- 
dowment of research chairs, or better semi- 
research chairs, in a few suitably chosen 
educational institutions. Such monu- 
ments ought to be infinitely more attrac- 


‘tive than those of brick and stone. Such 


a chair endowed in such a way as to at- 
tract the ablest men whom we develop and 
filled continuously by fertile men will 
yield bigger returns to the donor and to 
the world than any other investment 
which can be made. Therein lies the great- 
est opportunity which America offers to 
the philanthropist to-day. 

If some such program as I have outlined 
for producing scientific men and for 
creating centers of research in connection 
with a few American universities can be 
adopted in the United States, and I think 
it will be, then in a very few years we 
shall be in a new place as a scientific nation 
and shall see men coming from the ends of 
the earth to catch the inspiration of our 
leaders and to share in the results which 
have come from our developments in sci- 
ence. If we fail to seize these opportuni- 
ties then the scepter will pass from us and 
go to those who are better qualified to 
wield it. R. A. MILLIKAN 

UNIVERSITY OF CHICAGO 


Rag a 


et! Ses = siete i = 


298 


CHEMISTRY IN THE NAVY?! 


In the spring of 1917, at meetings of the 
United States Nitrate Commission, the Navy 
came into closer touch with the chemists of 
the country that it had ever had the fortune 
to do before. This association resulted in 
much advantage to the navy upon the out- 
break of war, the increased production of 
munitions being to large extent dependent 
upon the chemical help the Navy could ob- 
tain. The Navy, through the American 
Chemical Society, obtained practically all of 
its chemical assistance; and it learned to 
respect and appreciate the services given to 
the country by this large organization. 

The smokeless powder of this country is a 
nitro-cellulose powder that was made possible 
by such great chemists as Monsieur Vieille, 
who, working with Nobel’s gun-cotton, placed 
it in form for Mendeleeff to colloid, and, then, 
our American chemist, Francis du Pont, in- 
troduced the process of dehydrating. The 
development of this powder to its present 
form of great stability and ballistic regularity 
is due to many chemists who have given their 
entire time to this part of the explosives in- 
dustry. The problems of the Naval service 
differ essentially from those of the general 
military service, in that, with explosives, cer- 
tain limitations are set by the conditions in 
which they are stored and used on board ship. 
Many explosives, prepared for use on shore, 
are utterly unfit for use in the Navy. 

The attempt to avoid excessive erosion was 
one of the many causes which led to the 
adoption, in this country, of a pure nitro- 
cellulose powder as a propellent instead of 
nitro-glycerine compound used so generally. 

There are many new requirements for pro- 
pellent powders which the Navy hopes to meet 
with the help of chemists. One is the re- 
duction of flash. 

In the field of high explosives, the wet gun- 
cotton was discarded about 1908, for T.N.T., 
which is now the accepted high explosive for 

1 Abstract of an address given at the Philadel- 
phia meeting of the American Chemical Society by 
Ralph Earle, Rear Admiral, U. 8. Navy, chief of 
Bureau of Ordnance. 
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mines and torpedoes. During the war, it was 
necessary to obtain an additional high ex- 
plosive, one in which toluol was not used, and, 
for this reason, the Navy adopted a high ex- 
plosive called T.N.X., which is made by 
nitrating xylol, one of the lighter oils ex- 
tracted in the production of toluene. This is 
not as convenient an explosive to use and 
handle as T.N.T., but met the situation satis- 
factorily. This was introduced through the 
Chemical Research Department of the du 
Pont Company. Amatol was not used by the 
Navy to any extent, as it did not stand Naval 
conditions. Our depth charges, loaded with 
T.N.T. instead of amatol, which our Allies 
had been forced to use, were said to be, and ap- 
parently were, much stronger than theirs. In 
fact, German prisoners complained of the ex- 
ceptional violence of the American depth 
charges. 

In the field of research in connection with 
automobile underwater torpedoes, there needs 
to be developed a new source of power. The 
present source is compressed air and the new 
source must be of greater potential per unit 
volume and weight and be nearly as safe to 
handle and store on board ship. Oxygen has 
been proposed but is too dangerous to handle. 

In the metallurgical line, the Navy de- 
manded a high quality of steel in all gun 
forgings, and, as a result, there are many 
more firms now capable of producing such 
steel than there were before the war, so that 
the designer is benefited greatly. Special in- 
vestigations with alloys of steel have been con- 
tinued and the properties of zirconium for 
armor plate are still being looked into. 

During the war, a large number of pyro- 
technie devices, such as smoke-producing ap- 
paratus, marker shells, signals, smoke shells, 
incendiary bombs, and illuminating star shells 
were worked with and considerable progress 
had been made along these lines, but it is 
especially desired to develop this field to much 
greater efficiency. 

The Navy, in gas warfare, was confronted 
with the fact that whatever gas it developed 
could occupy a place in a shell so little as not 
to prevent penetration of the ship’s side and 

















SppreMBER 26, 1919] 


subsequent detonation of the shell. Also, the 
Navy gas mask adopted was of a form such 
as would make the gun’s crew load and handle 
the guns with the least possible interference, 
and so this form was considerably different 
from that adopted by the Armies of the world. 
The Navy trusts that the post-war needs 
will find the chemists and officers of the serv- 
ice much closer together than they were in 
the pre-war days, and believes that such a con- 
dition will take place because we have had the 
pleasure of meeting so many of your organiza- 
tion and know better to whom to apply to 
obtain the necessary cooperation and advice. 
BUREAU OF ORDNANCE, 
Navy DEPARTMENT 





SCIENTIFIC EVENTS 


THE WELSH UNIVERSITY AND THE WELSH 
NATIONAL MEDICAL SCHOOL 


In regard to the plans for the Welsh Na- 
tional Medical School we learn from The 
British Medical Journal that the university 
depreeates the proposal of the Royal Com- 
mission to make the medical school a separate 
constituent college of the university, thus 
severing the connection which has hitherto ex- 
isted between Cardiff College and the school. 
It is considered that anything which will tend 
still further to separate the medical students 
from the general body of students, or to dis- 
courage intercourse between the professors in 
the medical and other faculties, is undesirable 
from the educational point of view, and it is 
stated that both the bodies concerned—the 
university college and the hospital—are op- 
posed to the change. At the same time the 
university is fully alive to the importance of 
organizing the medical school as an institution 
of national and not merely of local concern. 
It is believed that both these objects can be 
attained through the revised scheme in which 
ultimate control is reserved to the university. 
It is proposed that the college council shall be 
the chief governing body of the school of med- 
icine, but that it shall delegate to the board 
of medicine wide administrative and execu- 
tive functions and powers. Specific proposals 
have now been put forward with regard to the 
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remuneration of professors; it is pointed out 
that the fall in the value of money and the 
increased scale of salaries now being adopted 
in England make it clear that unless the 
University of Wales is to be in a position of 
permanent inferiority to the modern English 
universities it will be necessary to fix a scale 
substantially higher than the minimum fig- 
ures proposed by the Royal Commission. It is 
suggested that the figures should be—for pro- 
fessorial chairs £800 to £1,000, for independ- 
ent lectureships £500, for lectureships £400, 
and for assistant lectureships £250. Certain 
special proposals are made with regard to 
chairs and lectureships in the faculty of medi- 
cine. The adoption of the “unit” system is 
advocated. The medical unit would consist of 
two full-time teachers, a professor with a sal- 
ary of £1,500, an assistant professor with £250, 
and part-time lectures on toxicology and fo- 
rensic medicine, and on dermatology, £100 
each. The surgical unit, it is suggested, 
should have three full-time teachers, a pro- 
fessor with a salary of £1,500, two assistant 
professors (one for practical surgery) £1,000; 
part-time lecturers on orthopedics, genito- 
urinary surgery, ophthalmology, and diseases 
of the ear, nose and throat, each to receive 
£100. The unit of gynecology and obstetrics 
would have one full-time professor (£1,500) 
and one full-time assistant professor (£500). 
There would be also an electrical department 
with a medical superintendent (£500), and 
clinics for psychiatry and neurology, pedia- 
trices, dermatology, and dentistry, which it is 
estimated will together cost £5,000 a year. 
The salaries of the professors and assistant 
professors have been fixed on the assumption 
that having regard to their professorial duties 
the incumbents would be very largely re- 
stricted in private practise. 


CONFERENCE ON THE ORGANIZATION OF 
RESEARCH IN ENGLAND 

Part of the scheme devised by the Depart- 

ment of Scientific and Industrial Research 

for the administration of the funds placed at 

its disposal by Parliament was the formation 

of associations among groups of manufac- 
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turers, and a conference was held on July 29 
of representatives of the associations already 
formed for the purpose of discussing some of 
the many problems which have presented 
themselves in connection with their work. 

In the absence of Mr. H. A. L. Fisher, 
president of the Board of Education, the 
chair was taken by Sir William McCormick, 
chairman of the Advisory Council. Sir Frank 
Heath, secretary of the Department of Sci- 
entific and Industrial Research, was also 
present, besides some sixty to seventy repre- 
sentatives. A great diversity of subjects was 
thus represented, though some, especially the 
great chemical industries, were conspicuously 
unrepresented. 

The meeting was informed that nine re- 
search associations were in operation, eight 
more have been approved and are only wait- 
ing the license of the board of trade, while 
twelve others are under discussion. So much 
having been accomplished in the three years 
which have elapsed since the idea originated, 
it may be assumed that a general approval 
has been given to the scheme by the industrial 
world, but the initial difficulties are far from 
being overcome as yet. 

Among the subjects discussed at the con- 
ference the first was the formation of a 
records bureau, and the second the difficult 
and important one of the conditions of em- 
ployment of research workers engaged by the 
associations. Other questions related to co- 
operation among the associations, and the 
amount and method of assessment of the sub- 
scriptions to be paid by the associated firms 
in addition to the subsidy from departmental 
funds. 

The formation of a bureau of information 
and for the recording of results secured by 
research is a matter of the utmost importance. 
In the first place it is proposed that its task 
should consist in storing up the results of 
work done by the associations, but even this 
will be found very expensive and not free 
from difficulties, owing to the views prevalent 
in some quarters as to secrecy. The associa- 
tions require access to information of every 
kind, and apparently the representatives as- 
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sembled have something to learn with regard 
to the existing sources of much of the in- 
formation they require, for throughout the 
discussion no reference was made to the mag- 
nificent journals, containing both original 
papers and abstracts, issued by some of the 
British and American engineering and chem- 
ical societies. It seems to be recognized that a 
large number of reference libraries will have 
to be established, especially in the neighbor- 
hood of great centers of industry; but it ought 
also to be understood that every association 
will require a library stored with works of 
reference, and especially journals cognisant of 
the subjects it represents; indeed, every works 
which has a laboratory for research must be 
similarly provided. All this represents a 
large outlay of money, the amount of which 
can scarcely be calculated as yet. 








THE AMERICAN CERAMIC SOCIETY 


THE program for “Ceramic Day” at the 
Fifth National Exposition of Chemical Indus- 
tries, Chicago, September 24, was as follows: 


Morning Session 


Professor Charles F, Binns: ‘‘The American 
Ceramic Society, past, present and future.’’ 

Dr. Alexander Silverman: ‘‘ Buy on analysis.’’ 

Dr. E. W. Washburn: ‘‘Some aspects of scien- 
tifie research in relation to the glass industry.’’ 

Mr. Ross C. Purdy: ‘‘Superior refractories.’’ 

Mr. Frederick H. Rhead: ‘‘The making of pot- 
tery.’’ 





Afternoon Session 


Mr. Robert J. Montgomery: ‘‘General types of 
optical glass.’’ 

Mr. Douglas F. Stevens: ‘‘ Brick and tile.’’ 

Mr. A. V. Bleininger: ‘‘The application of sci- 
entific methods to ceramic research.’’ 

Dr. J. C, Hostetter: ‘‘The manufacture of op- 
tical glass.’’ 

Mr. R. R. Danielson: ‘‘ Enameling technology.’’ 

Mr. A. Malinovszky: ‘‘ Fused silimanite prod- 
ucts, ’’ 

Evening Session 

A full evening’s program of motion pictures, in- 
cluding: 

‘*Making of cut glass.’’ 

‘*Glass bulb and tubing manufacture for Mazda 
lamps.’’ 

‘Manufacture of architectural terra cotta.’’ 
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According to information supplied by Mr. 
Chas. F. Binns, the American Ceramic So- 
ciety was founded in 1899, at Columbus, Ohio, 
when a small group of scientific men, inter- 
ested in the problems of the silicate industries, 
gathered together and formed a permanent or- 
ganization. Beginning with the report of 
that meeting a volume of Transactions has 
been published each year for nineteen years. 
In addition to the annual volume, a Manual 
of Ceramic Calculations, as an appendix to 
Volume 11, and the works of Hermann A. 
Seger, translated from the German, were pub- 
lished. 

Clays and glazes were the earliest interests 
of the society but were soon followed by all 
branches of the silicate industries. 

The growth in membership was steady but 
not large until 1917, when conservatism 
yielded before a vigorous campaign under the 
Membership Committee, resulting in an in- 
crease of over 200, a movement which has con- 
tinued up to the present when there are 1,156 
members. 

In 1918 the annual volume of Transactions 
was superseded by the Journal of the Ameri- 
can Ceramic Society, with G. H. Brown as 
editor. There has been a gratifying improve- 
ment in this Journal during the year and 
three quarters of its existence, and it now 
ranks with the scientific journals of much 
larger societies. 

Local sections have been organized in places 
where there are many ceramists, who meet fre- 
quently for the discussion of papers and for 
good-fellowship. More recently Industrial Di- 
visions have been formed for the better group- 
ing of interests at the annual meetings. It is 
probable that hereafter there will be one or 
two general meetings and the rest of the time 
will be given over to divisional meetings. 





SCIENTIFIC NOTES AND NEWS 


Dr. Henry A. Curistian, Hersey professor 
of the theory and practise of physics in the 
Harvard Medical School and_physician-in- 
chief to the Peter Bent Brigham Hospital, 
has been granted a leave of absence from his 
Boston work to serve for a year in Washing- 
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ton as chairman of the Division of Medical 
Science of the National Research Council and 
will begin that work on October 1. 

Dr. Avucustus TrowsripcGE, professor of 
physics at Princeton University, has received 
for his work in organizing and directing the 
sound-ranging and the flash-ranging in the 
American Expeditionary Forces the distin- 
guished service medal. He has also been deco- 
rated with the British D.S.O., and has been 
made Chevalier of the French Legion d’hon- 
neur. 


Proressor GitBpert N. Lewis, dean of the 
college of chemistry, University of California, 
formerly lieutenant colonel in the Gas Serv- 
ice, A. E. F., has been decorated as Chevalier 
of the French Legion d’honneur. 


Dr. Morton Prince, of Boston, has been 
decorated with the Cross of the French Legion 
of Honor for his services in promoting Franco- 
American cooperation during the war. 


LieuTENANT CoLtoneL Exvmer K. Hizes, for- 
merly of the Engineers, American Expedition- 
ary Forces, has joined the Pittsburgh Testing 
Laboratory as manager of laboratories. 


Jack J. Hinman, Jr., formerly captain in 
the Sanitary Corps of the American Expedi- 
tionary Forces, where he was engaged in water 
supply work, has returned to his pre-war duties 
as water bacteriologist and chemist to the 
Iowa State Board of Health and assistant 
professor of epidemiology in the State Uni- 
versity of Iowa. 


Norman A. SHEPARD, assistant professor in 
chemistry at Yale University, has resigned to 
enter the employ of the Firestone Tire & 
Rubber Company. 


Juutius B. Koun, formerly employed by the 
U. S. Public Health Service as organic chem- 
ist doing research work under the direction of 
Dr. Julius Stieglitz on arsphenamine and neo- 
arsphenamine at Kent Chemical Laboratory 
of the University of Chicago, is now connected 
with the Mallinckrodt Chemical Works as re- 
search chemist in their organic department, 
at St. Louis, Mo. 


Tue Massachusetts Department of Health 
celebrated the fiftieth anniversary of its estab- 
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lishment at the State House, on September 
13. Among the chief speakers were Dr. 
Henry P. Walcott, Boston; Dr. William H. 
Welch, Baltimore; Assistant Surgeon Allan 
J. McLaughlin, U. S. P. H. S., and Sir 
Arthur Newsholme, of England. The health 
commissioner, Eugene R. Kelly, Boston, pre- 
sided, and the visitors were welcomed on be- 
half of the state by the governor. 

Dr. FrepericK Eserson, of the Rockefeller 
Institute for Medical Research, has accepted 
a position at the Washington University to 
study, experimentally, the “Latent syphilitic 
as a carrier.” The research is to be done in 
the department of Professor M. F. Engman. 


Proressor J. E. Peravet, F.R.S., has been 
appointed director of the British National 
Physical Laboratory in succession to Sir 
Richard Glazebrook, C.B., F.R.S., who retired 
on reaching the age-limit on September 18. 
Professor Petavel is professor of engineering 
and director of the Whitworth Laboratory in 
the University of Manchester. 

A CORRESPONDENT writes: M. Emmanuel de 
Margerie, the eminent French geologist and 
geographer and translator of Suess’ “ Antlitz 
der Erde” into “La Face de la Terre,” has 
lately been appointed director of the Geo- 
logical Survey of Alsace and Lorraine, in 
connection with the reorganization of the 
University of Strasbourg under French con- 
trol, where Gofreaux is professor of geology, 
Baulig and Denis of geography, and J. de 
Lapparent of mineralogy. To the best of our 
knowledge this is the first official position 
that de Margerie has ever held; all his work 
heretofore has been done as a private indi- 
vidual. There is no other geologist in the 
world who has attained so high a rank in his 
science by individual effort, without support 
from government bureaus or university ap- 
pointments. De Margerie’s new address is 
Service de la Carte Géologique d’Alsace et 
de la Lorraine, 1 rue Blessig, Strasbourg, 
France. 

Dr. Barton Warren EverMAny, director of 
the museum of the California Academy of 
Sciences has gone into the Olympic Moun- 
tains west of Puget Sound for the purpose of 
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studying the Roosevelt elk in its native 
habitat. An expert Pathé moving picture 
photographer has been taken along to get a 
film showing this species of big game in 
action in its wild state and under natural 
surroundings. The film will be used by the 
academy in its educational work to supple- 
ment the habitat group of these animals 
which, through the generosity of Mr. Wm. 
C. Van Antwerp, the academy is now in- 
stalling in its museum in Golden Gate Park. 


THE committee on cooperation of the Eco- 
logical Society of America has just completed 
a field study of the plants and animals at 
timber line on Mt. Morey in the Adirondack 
Mountains of New York. Coincidently with 
the field study some of the research problems 
in ecology were discussed and listed. The 
committee included representatives of the 
three main lines of activity of the society, 
plant ecology, animal ecology and forestry. 
The persons and institutions cooperating are 
Barrington Moore, president of the Ecolog- 
ical Society, Norman Taylor for the Brook- 
lyn Botanic Garden, George P. Burns for the 
Vermont Agricultural Experiment Station, 
Charles C. Adams and T. L. Hankinson for the 
New York State College of Forestry at Syra- 
cuse. 


Ir is announced in Nature that the widow 
of Professor Milne has decided to return to 
her native country, Japan, and that in con- 
sequence the house at Shide, Newport, Isle of 
Wight, in which Professor Milne did such im- 
portant work in seismology is to be sold 
shortly by public auction. 


Epwarp Payson Bates, a well-known steam 
engineer of Syracuse, N. Y., died on August 4 
at the age of seventy-five years. 


Dr. A. G. Vernon Harcourt, F.R.S., lately 
Lee’s reader in chemistry at Christ Church, 
Oxford, died on August 23, aged eighty-four 
years. 


Proressor ALEXANDER MAcAListTer, F.R.S., 
professor of anatomy in the University of 
Cambridge, died on September 2, aged seventy- 
five years. 
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Dr. C. A. Merorrr, physician for mental 
diseases to Charing Cross Hospital, and a dis- 
tinguished authority upon mental diseases 
and related subjects, died on September 2 at 
sixty-seven years of age. 


Tue death is announced of Dr. William 
Smith Greenfield, professor of pathology and 
clinieal medicine in the University of Edin- 
burgh from 1881 to 1912. 


Tue Bureau of Mines Experiment Station at 
Pittsburgh will be dedicated with suitable cere- 
monies on September 29 and 30 and October 1. 
The exercises carried out in connection with 
the Pittsburgh Chamber of Commerce include 
an excursion to the experimental mine near 

3ruceton, and first-aid and mine-rescue con- 
tests. 

THE seventh meeting of the Spanish Associa- 
tion for the Advancement of the Sciences was 
held at Bilbao from September 7 to 12. 
There will be eight sections. The French 
Association for the Advancement of Science 
and corresponding bodies in Great Britain, 
Italy and other nations, have been invited to 
send delegates. 


Tue South African Association for the Ad- 
vancement of Science held its annual meeting 
from July 7 to 12 inclusive, the first three 
days in Kingwilliamstown, the last three in 
East London. Wm. Flint, D.D., librarian of 
the Union of South Africa Parliament, was 
this year’s president. Dr, I. B. Pole Evans, 
D.Se., chief phytopathologist to the Union 
government was elected to succeed him. The 
outstanding feature of the meeting was a 
paper by Dr. A. Pyper, M.D., of Bethal, Trans- 
vaal, on “ Diffraction phenomena in films of 
blood-cells and in surface-cultures of micro- 
organisms,” in which these phenomena were 
applied for exact measurement of diameter of 
blood-cells, ete. The total attendance of mem- 
bers of the “S,A,” (as the association is 
called in colloquial speech in South Africa) 
was over 110. 


Avutuority has been granted for the killing 
of 1,000 three-year-old seals on St. Paul Island 
this fall for food for the natives, and to in- 
crease the take of 4-year-olds on St. George Is- 
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land from 300 to 500 in the current season. 
Killing of 6-year-olds and over will also pro- 
ceed less vigorously on St. George Island, as 
proper proportions between the different age 
classes on that island are being more nearly 


attained. The above modifications in the | 


quota have been made upon recent telegraphic 
recommendations of employees in charge at 
the Pribilof Islands. 


PARTICULARS respecting the British govern- 
ment competition for the construction of 
aeroplanes and seaplanes on the lines of in- 
creased safety are given in Nature. The fol- 
lowing prizes are offered: For aeroplanes of 
small type: First prize, £10,000; second prize, 
£4,000, and third prize £2,000. For large aero- 
planes: First prize, £20,000; second prize, 
£8,000, and third prize, £4,000. For seaplanes: 
First prize, £10,000; second prize. £4,000, and 
third prize, £2,000. The latest date for entries 
is December 31 next. Sir H. H. Shephard has 
instituted a memorial to his son, the late Brig- 
adier-General G. S. Shephard, in the shape of 
prizes for members of the Royal Air Force for 
essays relating to aviation. This year the 
prizes are to be awarded for essays on “ Sea 
and Fleet Reconnaissance ” and “ Aerial Navi- 
gation and Pilotage.” The administration of 
the annual competitions is to be carried out by 
the Air Council. 


Hyprosio.ocists and others interested in the 
study of bottom fauna may now obtain, made 
to order in the United States, a quantitative 
bottom-sampler as used by Peterson in recent 
investigations at the Danish Biological Station. 
These machines are being built by a competent 
and responsible house in Illinois, whose name 
and address may be obtained by writing the 
State Natural History Survey, Urbana, Illi- 
nois. One machine is already in successful 
operation at the Illinois Biological Station, 
and a second is being made for another I[li- 
nois institution. 





UNIVERSITY AND EDUCATIONAL 
NEWS 


Tue Lord Strathcona legacy to Yale Uni- 
versity, which amounts to about $600,000 will 
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be used as follows: Two professorships in the 
graduate school will be established, and 
several fellowships founded, and a memorial 
building, costing about $250,000, will be built. 


JuLius RosENwApD, of Chicago, has offered 
six scholarships of $1,200 each for negro 
graduates of American medical schools who 
desire to take post-graduate work in pathol- 
ogy, bacteriology, physiology, pharmacology or 
physiological chemistry. Appointments in 
1920 will be made by a committee comprising: 
Dr. William H. Welch, Johns Hopkins School 
of Public Health, chairman; Dr. David L. 
Edsall, dean of the Harvard Medical School, 
and Dr. Victor C. Vaughan, dean of the 
medical department, University of Michigan. 
Abraham Flexner, secretary of the General 
Education Board, will be secretary of the 
committee. 


Tue trustees of Vassar College have an- 
nounced an increase in salaries ranging from 
50 per cent. in the lowest grade to 124 per 
cent. for full professors. It applies to all 
teachers who have served the college a year 
or more. 


THE salaries of professors and other mem- 
bers of the teaching force of the University 
of Mississippi have been uniformly raised on 
a seale of about fifty per cent. 


Tue department of anatomy at the Johns 
Hopkins Medical School has been organized 
as follows: Lewis H. Weed, professor of anat- 
omy; Florence R. Sabin, professor of histol- 
ogy; George W. Corner, associate professor of 
anatomy; Charles C. Macklin, associate in 
anatomy; Robert S. Cunningham, associate 
in anatomy; Chester H. Heuser, associate in 
anatomy; Jean Firket, instructor in anatomy; 
William A. McIntosh, assistant in anatomy. 


WituiamM McDovuaatt, reader in mental phi- 
losophy in Oxford University, has been elected 
professor of psychology at Harvard Univer- 
sity to fill the chair vacant by the death of 
Hugo Miinsterberg. 


Dr. Herman Morris Apter, formerly as- 
sistant professor of psychiatry in Harvard 
University, has been appointed professor of 
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criminology and head of the department of 
social hygiene, medical jurisprudence and 
criminology in the medical college of the Uni- 
versity of Illinois. 


LIEUTENANT Sampson K. Barrett, U. S. N. 
R. F., who served as electrical officer on the 
dreadnaught Wyoming with the Grand Fleet 
in the North Sea, has been discharged from 
active service to accept an appointment as 
assistant professor of electrical engineering 
at New York University. 


Proressor F. B. Pappock, state entomolo- 
gist of Texas, has accepted the position as 
state apiarist of Iowa and as associate pro- 
fessor in the department of zoology and ento- 
mology in the Iowa State College, to fill the 
vacancy caused by the resignation of F. Eric 
Millen, who took charge of the apicultural 
work in the Ontario Agricultural College on 
July 1. 


Dr. T. G. Yunoxer, of the Michigan Agri- 
cultural College, has been appointed assistant 
professor of biology at DePauw University, 
Greencastle, Indiana. He will have charge of 
the botanical work. 


Dr. Otto STUHLMAN, JR., associated with 
the department of physics at the State Uni- 
versity of Iowa for the period of the war, has 
accepted an assistant professorship in phys- 
ics at West Virginia University. 


Victor E. Newson, associate in chemistry, 
Johns Hopkins University, has accepted a 
position as assistant professor in charge of 
physiological chemistry at the Iowa State Col- 
lege. 


Dr. Francois M. Van Tvyt, associate pro- 
fessor of geology and mineralogy in the Col- 
orado School of Mines, has been appointed 
professor and head of the department of geol- 
ogy and mineralogy in that institutien. 





DISCUSSION AND CORRESPONDENCE 
BIRTHS AND DEATHS IN THE CIVIL POPULA- 
TION OF FRANCE IN THE WAR-TIME 
To THe Eprror or Science: In the current 
number of Science (September 12) just re- 
ceived there are published the figures from 
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the “Journal Officiel ” of the birth and deaths 
for 1918, 1914, 1915, 1916 and 1917 in the 
French departments not included in the zone 
of occupation and military occupations. These 
show a terrible increase of deaths over births. 
To give the whole picture of the serious effects 
of the war on the French civil population the 
feures are needed for the occupied territory. 
I can provide a few as a result of opportuni- 
ties offered while at work in occupied France 
for the Commission for Relief in Belgium and 
North France. 

In Lille, by far the largest city in occupied 
France, there was in the two years 1915 and 
1916 a 47 per cent. decrease in births and a 
45 per cent. increase in deaths as compared 
with pre-war ratios. This determination takes 
into account the difference in population of 
the city between the pre-war and the war 
years produced by an escape of one fourth of 
the city’s inhabitants before the German 
forces occupied it, but it does not take into 
account the fact that this diminution of popu- 
lation was not effected by a simple random 
selection among the whole population (7%. e., by 
a proportionate lessening of all age groups and 
both sexes) but resulted largely from the re- 
moval for military service of almost all phys- 
ically fit men of the age-group twenty to forty- 
five years. Part of the diminution also was 
caused by the emigration at the time of the 
invasion of entire families of the well-to-do 
class able to afford the expense of removal. 
This last group may perhaps be taken to be, 
on the whole, a particularly healthy group. 
In making, therefore, direct comparison of 
the mortality ratios for the two periods (war 
and pre-war) these special facts should be 
taken into account. 

The increased percentage of deaths occurred 
especially in the age-groups 1 to 19 years, 
where it was 81 per cent. more in 1915-1916 
than in 1913-1914, and 60 years and over, 
where it was 85 per cent. The principal im- 
mediate causes of the increased deaths were 
tuberculosis, brain hemorrhages and _ heart 
affections. The ultimate causes were of course 
certain war-produced conditions, especially the 
insufficient amount and variety of food and 
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the necessity for a renewed return to hard 
work in the fields by old men and women to 
make up for the absence of the able-bodied 
men. 

Data with regard to Charleville, another 
French city in the occupied territory, but one 
in an agricultural rather than an industrial 
region—Lille is the center of North France’s 
principal industrial region—show almost iden- 
tical conditions. And I believe from my per- 
sonal observations during 1915 and 1916 over 
the whole of the occupied territory that the 
death-ratios in these two cities are a fair 
sample of those for the whole of the occupied 
region. The occupation extended, of course, 
for a much longer period than merely 1915 
and 1916. It extended from late in 1914 until 
late in 1918. Undoubtedly these ratios of 
lessened birth-rate and increased death-rate in 
the occupied territory of France for 1915-1916 
are not greater, but probably because of the 
increase of exhaustion and difficulties with 
food, fuel, clothing, medical service and sup- 
plies, less than those for 1917 and 1918. 

VERNON KELLOGG 

NATIONAL RESEARCH COUNCIL, 

WASHINGTON 


INSTINCTIVE BEHAVIOR IN THE WHITE RAT 


In confirmation of Mr. Griffith’s observa- 
tion ‘of a possible case of instinctive behavior 
in the white rat reported in Science for 
August 15, 1919, I wish to add a somewhat 
similar observation which I made a few 
months ago. 

Upon placing a few handfuls of fresh 
dandelions into a cage of some twenty white 
rats of various ages which had been reared 
in the laboratory for several generations, 
much to my surprise I found the rats at once 
ran away from the greens and gathered in one 
corner of the cage and behaved in a thor- 
oughly frightened manner. At first I could 
not account for this strange behavior, for 
hitherto the rats had fed with avidity on 
fresh dandelions and seized the plants as soon 
as they were placed in reach. On further 
thought, I recalled that I had gathered the 
dandelions on this occasion in an old basket 
which had recently been used for bringing a 
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live cat into the laboratory and which had 
probably imparted an odor of cat to the greens. 

I did not watch the rats very persistently, 
but the next day I noted that their behavior 
was perfectly normal and that the greens had 
been entirely eaten. It may be said with 
certainty that these animals which were so 
terrified had never in their experience been 
near a cat. 

At the same time that I was working with 
white rats I had to use some rabbits and had 
oeeasion to handle some rats immediately 
after handling the rabbits. The rats did not 
respond in any peculiar way in the presence 
of the odor of rabbits, and as this was just as 
strange an odor as that of cat, it can hardly 
be assumed that this reaction of fear in the 
presence of the odor of cat was due simply ‘to 
the novelty of the stimulus. 

B. W. KuNnKEL 

LAFAYETTE COLLEGE 


AN EARLIER SNOW EFFECT 


To THE Epitor or Science: In your issue of 
August 29, Professor Woodman, University of 
Maine, describes an unusual snow phenom- 
enon, and he states that it would be interest- 
ing to know if others have observed anything 
like it in other localities. It may therefore 
be worth while to call attention to a similar 
phenomenon described by Thoreau irf his 
“ Journal,” Vol. XIII., pages 24-26: 


I see, in the Pleasant Meadow field near the 
pond, some little masses of snow, such as I noticed 
yesterday in the open land by the railroad cause- 
way at the Cut. I could not account for them 
then, for I did not go to them, but thought they 
might be the remainders of drifts which had been 
blown away, leaving little perpendicular masses 
six inches or a foot higher than the surrounding 
snow in the midst of the fields. Now I detect the 
cause. These (which I see to-day) are the re- 
mains of snowballs which the wind of yesterday 
rolled up in the moist snow. The morning was 


mild, and the snow accordingly soft and moist yet 
light, but in the middle of the day a strong 
northwest wind arose, and before night it became 
quite hard to bear. 

These masses which I examined in the Pleasant 
Meadow field were generally six or eight inches 
high—though they must have wasted and settled 
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considerably—and a little longer than high, pre- 
senting a more or less fluted appearance exter. 
nally. They were hollow cylinders about two 
inches in diameter within, like muffs. Here were 
a dozen within two rods square, and I saw them 
in three or four localities miles apart, in almost 
any place exposed to the sweep of the northwest 
wind. There was plainly to be seen the furrow in 
the snow produced when they were rolled up, in 
the form of a very narrow pyramid, commencing 
perhaps two inches wide, and in the course of ten 
feet (sometimes of four or five only) becoming six 
or eight inches wide, when the mass was too heavy 
to be moved further. The snow had thus been 
rolled up even, like a carpet. This occurred on 
perfectly level ground and also where the ground 
rose gently to the southeast. The ground was not 
laid bare. That wind must have rolled up masses 
thus till they were a foot in diameter. It is cer- 
tain, then, that a sudden strong wind when the 
snow is moist but light (it had fallen the after- 
noon previous) will catch and roll it up as a boy 
rolls up his ball. These white balls are seen far 
off over the hills. 


This description is accompanied by a draw- 
ing, so characteristic of Thoreau, showing the 
cylindrical ball and its path in the snow. 

BenJAMIN FRANKLIN YANNEY 

THE COLLEGE OF WOOSTER, 

Wooster, O. 





QUOTATIONS 
THE ARMY AND SCIENCE 


THE university has not yet been accustomed 
to think of the army as an institution in 
which scholarship flourishes. Nor has the 
army been interested in the work of the uni- 
versity. Each went its way in the belief that 
its task was so different from the other that 
the benefit to be derived from cooperation 
would be outweighed by the trouble involved. 
That this attitude has been completely 
changed is due more to the changes in fight- 
ing than to those in teaching. It was only a 
short while ago that such an expression as 
“the science of war” flattered the activity of 
generals and their armies. The infantry had 
to know how to shoot and the cavalry how to 
ride. Tactical problems, solved by the Gen- 
eral Staff, consisted largely in the accurate 
reading of maps and the direction of marches 
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and location of points suitable for attack or 
necessary to be taken. 

The war, the end of which the unpolitical 
majority of us are now longing to greet, was, 
however, grimly scientific in its every aspect. 
Aviation commandeered the mechanical engi- 
neer, the astronomer and the photographer. 
The submarine demanded that the physicist 
tell us all he knew. Without the chemist gas 
could not be used. Camouflage confused and 
confounded enemy mathematics: there were 
no lines straight in the right way, nor 
rectangles by which to calculate ranges and 
set guns. The wireless in its manifold appli- 
eations made the skilled electrician work. 
Men were selected—they had to be—according 
to tests determined by the psychologist. And 
so on, until the colleges used “ direct action ” 
and took the young soldier under their im- 
mediate supervision, an act in itself necessita- 
ting a coordination between the army and the 
university that was undreamed of twenty 
years ago. 

In an illuminating article in the Columbia 
University Quarterly Mr. Frederick Paul 
Keppel, until recently Third Assistant Secre- 
tarv of War, has detailed some of the achieve- 
ments of academic men (to use an adjective 
which the War Department affects to loathe) 
that helped us to win the war. The archeol- 
ogist designed the best trench helmet; the 
tropical botanist told us how to get charcoal 
for gas masks; the astronomer showed us that 
it is the shape of a moving thing’s tail and 
not its head that determines its course; the 
lawyer directed war finance; the physicist 
and chemist brought our production of field 
glasses up from 1,800 in 1914 to 3,500 in a 
single week in 1918; the physician greatly de- 
creased our death rate by chemical steriliza- 
tion and the splinting of fractures; the an- 
thropologist showed that it is the breadth of 
a soldier’s hips and not the length of his legs 
that gives him marching ability; a doctor of 
philosophy established conferences for the dis- 
cussion of technical problems, and thereby 
prevented excellent suggestions from dying a 
quiet death in the pigeonholes of the War 
College. 
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SCIENTIFIC BOOKS 


Menders of the Maimed: The Anatomical and 
Physiological Principles underlying the 
Treatment of Injuries to Muscles, Nerves, 
Bones and Joints. By Artuur KeEiru. 
London, Oxford Medical Publications 
(Henry Frowde; Hodder and Stoughton). 
1919. Pp. 335. 

Those who had the good fortune to hear Pro- 
fessor Keith during his tour of the United 
States in 1915 will need no further introduc- 
tion or incentive to read this book than the 
statement that the author has written it as he 
speaks—in the same delightful conversational 
style which characterizes his public lectures 
in the college of surgeons. 

The subtitle, far too cumbersome for a book 
heading, gives the substance of its contents 
which are the written records of the lecture 
course for 1917-18. ‘“ Menders of the Maimed ” 
rightly interprets the book, the inspiration of 
which is a renewed interest in treatment of 
the locomotor and nervous systems elicited by 
the war. 

“ Men of business find it necessary from time 
to time to take an inventory of the goods they 
have in stock; occasions arise when medical 
men must do the same thing and make a sur- 
vey of the means of treatment at their dis- 
posal. That is the case now; surgeons are 
being called on to restore movement to thou- 
sands of men who have been lamed or maimed 
in war; they find it necessary to reexamine the 
foundations of their science and practise. In 
this book I have sought to help them by a re- 
statement of the principles which underlie 
the art of orthopedic surgery.” Thus the au- 
thor expresses his mission and he carries it 
out in a way at once characteristic of himself 
and appealing to the reader for he builds the 
history of orthopedic surgery around those 
who themselves made the history. As we read 
we actually feel the presence of John Hunter’s 
restless active figure. We see Hilton, sarcastic 
and independent, his waistcoat with its de- 
cisive pattern linked from pocket to pocket 
with a heavy gold chain. H. O. Thomas is in 
his workshop fashioning splints. Little seeks 
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help for his deformed foot and Lang for his 
injured knee. Duchenne walks the streets of 
Boulogne, his Faradic battery under his arm, 
and declaims against his critics. Lucas-Cham- 
ponniére, the ankylophobe protests eloquently 
against splints. Sayre captures his little pa- 
tient in the New York slums still incased in 
his plaster jacket and triumphantly carries 
him off to his lecture theater. 

“To assist myself,” said Watts, the painter, 
“T converse with the sitter, note his train of 
thought, his disposition, his character and so 
forth, and having made myself master of these 
details, I set myself to place them on the can- 
vas, and so reproduce not only his face, but 
his character and nature.” So in this volume 
the author has absorbed something of the 
spirit of each pioneer and interprets that. 

The general plan of the book is not a simple 
one with successive chapters following in 
orderly sequence for, as in a play, characters 
come and go and, whereas some cross the stage 
but once, others return again and again. 

For instance the first chapters are biograph- 
ical studies of Hunter, Hilton and Thomas. 

Then follows the history not of a man but 
of a movement—that movement which led 
surgeons to practise tenotomy. The natural 
sequence to this, namely, the consideration of 
tendon transplantation and kinoplastie sur- 
gery is postponed until the story of the nerves 
and the control of muscles has been unravelled 
by Marshall Hall and those who followed him. 
The reason for this postponement is not far 
to seek. Scientific discovery and the applica- 
tion of principles are in history a discon- 
nected sequence. Tendon transplantation has 
to be postponed in the book because the book 
is the interpretation of history and not a mere 
recital of events. 

Later in the book when movement as a 
method of treatment finds its champion in 
Lucas-Champonniére it turns out that the first 
three studies which appeared biographical are 
really historical phases of the contrasting doc- 
trine of rest. Thus, being led to look at the 
subject from different viewpoints, we find the 
book full of surprises which arouse and renew 


our interest. 
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Only toward the end when dealing with bone 
and cartilage do we find a certain order, pre- 
scribed indeed by history but none the legs 
stimulating because unexpected. 

Valuable also is the last chapter on the his- 
tory of bone-setting with a well-judged warn- 
ing against the type of practitioner who, un- 
sound in his fundamental knowledge, plays 
into the hands of charlatans. 

In the rush of modern scientific life we are 
apt to ignore those who laid the foundations 
of our knowledge and even a discovery is often, 
as history shows, a rediscovery. “ Our opin- 
ions,” said Montaigne, “are grafted one upon 
another. Whence it followeth that the high- 
est mounted hath often more honor than 
merit. For he is got-up but one inch above 
the shoulders of the last save one.” 

No student, seeking to know the history of 
investigation in the structure and function of 
the locomotor and nervous systems can afford 
to neglect this book and the story of “the 
last save one.” 

T. WinaaTe Topp 

WESTERN RESERVE MEDICAL SCHOOL, 

CLEVELAND, OHIO 


THE PROGRESS OF UNDERGRADUATE 
RESEARCH IN MEDICAL SCHOOLS 


Mopern medicine is a scientific subject, and, 
in order to understand it completely, students 
must understand the methods by which the 
facts and theories of medicine have been ac- 
quired. The best way to learn the scientific 
method is by undertaking some research prob- 
lem and so learning it first-hand. This is 
required for the degree of Ph.D. in a scientific 
subject, but students of medicine in some 
schools find it difficult or impossible to obtain 
the opportunity to do any research at all. 

The faculty of the University of Pennsyl- 
vyania are almost without exception believers 
in the educational value of undergraduate re- 
search, but the question of how properly to 
combine the time required for research and 
the exactions of the regular course remains 
an open one. Therefore, during the past ses- 
sion (1918-19) the William Pepper Medical 
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Society, an undergraduate society at the Uni- 
versity of Pennsylvania, conducted a canvass 
of representative medical schools of the United 
States on the subject of undergraduate re- 
search. The attempt was made to determine 
the condition of undergraduate research, how 
the time for it was obtained, and what means 
(if any) were taken to encourage students to 
do this type of work. A somewhat similar 
canvass, conducted by Dr. OC. K. Drinker in 
1912,1 permitted a comparison of the oppor- 
tunities for undergraduate research in 1912 
and at present. 

The following letter was therefore sent to 
twenty-five medical schools : 


DEAN OF THE MEDICAL DEPARTMENT. 

Dear Sir: The William Pepper Medical Society 
(undergraduate) of the University of Pennsyl- 
vania desires to investigate the conditions under 
which undergraduate research work is being car- 
ried on in the principal medical schools of America. 

The society believes that a knowledge of the 
methods of scientific research is of great value, 
and that greater opportunity to acquire this knowl- 
edge should be afforded to students who are in- 
terested. 

We would request the favor of a reply upon the 
following questions, and hope that you will add 
any suggestions or comments that you would care 
to make. The committee would thank you for 
your trouble in the matter. 

Very truly yours, 
(signed) JosePH STOKES, JR., 
LYLE B. WEst, 
Isaac STARR, JR., 
Chairman, 
Committee on Undergraduate Research 


1. Do you allow undergraduates to undertake 
research in conjunction with their regular work? 

2. Are any means taken by your faculty to en- 
courage undergraduate research? If so, what 
means? 

3. Approximately how many (and what per 
cent.) of your graduating classes have undertaken 
some research problem, under instruction of the 
faculty, during their regular course of study? 

4. Does your curriculum permit a student to 
substitute time spent on research, under direction 
of a member of the faculty, for hours in the reg- 
ular course, required or elective? 


1Screnogz, N. 8., Vol. XXXVI., No. 935, pp. 
729-738, November 29, 1912. 
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5. Do you believe that undergraduate research 
is justified by its educational value to the stu- 
dent? 


The following tabulations were compiled 
from the replies of the deans of the institu- 
tions quoted except in the case of Johns 
Hopkins. As the dean of Johns Hopkins 
failed to respond, the attitude of that insti- 
tution was ascertained from the catalogue and 
from conversations with undergraduates and 
therefore can not be regarded as entirely an 
official statement of that school. 

By the answers to the first question we find 
that an overwhelming proportion of medical 
schools permit undergraduates to undertake 
research in conjunction with their regular 
work. Twenty schools allow this, two are 
doubtful (one of which gives only the first 
two years of the course) and only two forbid 
it. In 1912 seventeen schools permitted this, 
while eight opposed it. The opposition has 
shrunk from 32 per cent. to 9 per cent. in the 
last seven years. 

Those permitting undergraduate research: 
California, Cornell, Colorado, Harvard, Illi- 
nois, Johns Hopkins, Leland Stanford, Mc- 
Gill, Michigan, Minnesota, Mississippi, Ore- 
gon, Rush, Texas, Tulane, Virginia, Washing- 
ton (St Louis), Western Reserve, Wisconsin, 
Yale. Those opposed: Maryland, Geo. Wash- 
ington (D.C.). Doubtful: Physicians and 
Surgeons (Columbia), North Carolina. 

The following comment on question No. 1 
was received: 

Harvara—‘ Research is especially urged in cer- 
tain departments.’’ But, ‘‘There is a certain 
amount of opposition since men doing research at 
times neglect their other studies.’’ (Letter of 
Assistant Dean Hale.) 


In our experience the men who are inter- 
ested in research have always stood well in 
their class. That this is also the experience 
of many medical schools is evidenced by their 
regarding the researcher as a “ marked man.” 
Any tendency to neglect other subjects for 
research could be easily controlled by requir- 
ing the student to maintain a general average 
somewhat above the passing mark while 
undertaking his research problem. 
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Reasons for a doubtful or negative attitude 
are given as follows: 

P. and 8, (Columbia)—‘‘We do not advise it. 
Only a few can find time to do so.’’ (Letter of 
Dean Lambert.) 

Maryland—‘‘ We feel that the course is too com- 
prehensive to allow the average student to spend 
time at anything other than his regular work.’’ 


The cause of the objections is the lack of 
time in the course. But the subject of medi- 
cine is a life study and can not be covered in 
four years. The value of a medical course 
must be measured not alone by the number 
of facts that the student masters during his 
four years at the medical school, but by the 
extent of his knowledge at the prime of his in- 
tellectual life. Therefore it seems strange 
that any school should not give its students 
some time in which they could work on their 
own resources, and, by learning to acquire 
knowledge without instruction, could become 
life-long students of medicine. 

A study of the answers to question no. 2 
reveals several methods by which undergrad- 
uate research is encouraged by the faculty. 
Several schols employ more than one method, 
which makes it difficult to classify them. The 
schools have been placed under the method 
on which they lay the most stress. These 
methods are as follows: 

1. By personal advice and interest of mem- 
bers of the faculty—California, Colorado, Tli- 
nois, Harvard, Michigan, Washington, Vir- 
ginia. 

2. By allowing undergraduates to assist 
members of the teaching staff—Texas, Mich- 
igan, Tulane. 

3. By requiring a thesis for graduation— 
Leland Stanford, Wisconsin, Yale. 

4. By giving credit towards their degree— 
Rush. 

5. By offering clective courses in research— 
Minnesota, Johns Hopkins. 

6. Miscellaneous— 

Cornell—‘‘ We encourage them by placing at 
their disposal every available facility for the 
study of approved problems.’’ (From a letter of 
Dr. J. S. Ferguson, secretary of the faculty.) 

Oregon—‘‘ All members of the class are at times 
assigned subjects to look up in the literature, bib- 
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liographies are at times required and these always 
suggest problems,’’ (Letter of Dr. H. B. Myers, 
assistant dean.) 

California—‘‘ Next year we are permitting two 
undergraduates to substitute for work in medicine, 
work in research which will be financed by schol- 
arships from the university.’’ (Letter of Dean 
H. C. Moffit.) 


Schools which do not encourage it—George 
Washington (Washington, D.C.), Maryland, 
McGill, Mississippi, Physicians and Surgeons 
(Columbia). 

From the answers to question no. 3 we find: 

Over 50 per cent. of the graduating class 
has undertaken some research problem at Cor- 
nell and Yale. 

Between 25 per cent. and 50 per cent, at 
California, Colorado, Washington. 

Between 10 per cent. and 25 per cent. at 
Harvard, Leland Stanford, Minnesota, Rush. 

Between 5 per cent. and 10 per cent. at 
Illinois and Michigan. 

“Some little” at Mississippi, Texas, Vir- 
ginia and Western Reserve. 

None at George Washington (D.C.), Mary- 
land, Physicians and Surgeons (Columbia). 

Tulane replies that none of the present class 
has done any research because of the war. 

We have no exact figures from Johns Hop- 
kins, but the proportion is known to be high. 

The fourth question is the most important 
one of the series because it determines whether 
research is made possible for the undergrad- 
uate. In order to work the undergraduates 
must have available time, sufficient in dur- 
ation to allow for the completion of experi- 
ments. This time is provided in two ways: 
(1) by permitting a student to substitute time 
spent in research for hours in the regular 
course, or (2) by reducing the hours of in- 
struction to such a point that enough free 
time is available. 

The schools allowing students to substitute 
time spent on research are—California, Cor- 
nell, Harvard, Johns Hopkins, Minnesota, 
Oregon, Rush, Tulane, Washington (St. 
Louis), Wisconsin. 

In 1912 only one school, Tulane, allowed 
such substitution. 
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Schools which have enough free time avail- 
able are—Leland Stanford, Yale. 

Schools permitting research but giving no 
time are—Oolorado, Illinois, Michigan, Mis- 
sissippi, Physicians and Surgeons (Columbia), 
Texas, Virginia. 

In considering question five we find that a 
large majority is of the opinion that under- 
graduate research is justified by its educa- 
tional value. The following medical schools 
answer aftirmatively—California, Colorado, 
Cornell, Harvard, Illinois, Johns Hopkins, 
Leland Stanford, McGill, Michigan, Minne- 
sota, Oregon, Rush, Virginia, Washington 
(St. Louis), Western Reserve, Wisconsin, 
Yale. 

The schools which do not believe that under- 
graduate research is justified by its educa- 
tional value—George Washington (Washing- 
ton, D.C.), Maryland, Physicians and Sur- 
geons (Columbia). The cause of the ob- 
jection is the lack of time. 

Mississippi, which gives only two years, is 
doubtful. 

Reasons for favoring the proposition are 
given as follows: 


Iilinois—‘ Anything which stimulates a student 
to do independent thinking is justified.’’ (Letter 
of Dean A, C. Eycleshymer.) 

Michigan—‘I know that those who have done 
some research are better students than those who 
have not.’’ (Letter of Dr. V. C. Vaughan.) 

Rush—‘‘ Because it is by all odds the most effi- 
cient pedagogic method.’’ (Letter of Dr. J. M. 
Dodson. ) 

Virginia—‘ Where a man has the investigator’s 
mind and is a sufficiently apt student to acquire 
his knowledge of the required subjects readily, 
such a man should be encouraged to do all the 
research possible and nothing in my judgment 
could be of greater educational value to this man.’’ 
(Letter of Dean Theodore Hough.) 

Washington—‘‘We believe emphatically that 
undergraduate research is justified by its educa- 
tional value to the student. In fact it is our be- 
lief, held generally in this school, that a piece of 
research may be of great value to a man in pre- 
paring him for the future. It is our opinion that 
the essential and most important object in med- 
ical education is to turn out men who will be life- 
long (N. B.) students of medicine, and there is 
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nothing more valuable in cultivating this spirit 
than the pursuit of first-hand knowledge along 
some line of interest.’’ (Letter of Dr. G. Canby 
Robinson, dean.) 

In view of these facts we conclude: 

1. The vast majority of Class A medical 
schools approves of undergraduate research in 
theory. 

2. Many medical schools approve of it in 
practise by conceding hours from their regular 
course which may be devoted to research. 

3. The opportunity for undergraduate re- 
search has increased greatly since 1912. 


Isaac Starr, JR., 
JOSEPH STOKES, JR., 
Lye B. West 


UNIVERSITY OF PENNSYLVANIA 





SPECIAL ARTICLES 
COMPLETE REVERSAL OF SEX IN HEMP 


THE writer has been investigating the sexual 
condition of hemp (Cannabis sativa L.) for a 
number of years and has obtained results so 
remarkable that he thought it advisable to 
present this preliminary note on certain phases 
of the problem before the completion of all 
the experiments and observations now in 
progress. 

Common hemp was planted in the winter, 
when light conditions were very low, on 
shallow greenhouse benches heated mainly 
from beneath. Aside from these three special 
conditions, the environment was practically 
normal. Under the stated conditions, the 
hemp matures very early, sometimes having 
not more than two pairs of leaves before the 
terminal flower cluster appears and never 
being more than a few inches high. 

The plants are staminate and carpellate 
and are decidedly dimorphic. The main sex- 
ual differences are as follows: Carpellate plant 
—broad flat crown of leaves, vigorous appear- 
ance but not so tall as the staminate plant, 
large root system, large leaf blades, carpellate 
flowers with the perianth a closed sheath and 
with no vestigial stamens, and a long period 
of life and growth. Staminate plant—slender 
habit and taller than the carpellate plant, 
delicate appearance, small root system, small 
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leaf blades, staminate flowers with 3-6 sep- 
arate sepals and no vestige of the gynecium, 
and a very short life as compared with the 
carpellate plant. 

Some staminate plants produce only pure 
staminate flowers, the expression being purely 
male, others at first produce besides staminate 
flowers some abnormal, intermediate flowers 
with structures differentiated as part ovulary 
and part stamen, or with normal stamens and 
a vestigial ovulary which usually has normal 
stigmas. Frequently ordinary stamens are 
produced ending in normal stigmas and oc- 
casionally a pure carpellate flower with the 
typical sheath-like perianth is developed. The 
staminate, intermediate plants exhibit various 
degrees of female expression but apparently 
in all cases have a strong tendency to become 
more and more staminate as the blooming 
period advances, so that at the end only 
normal staminate flowers are produced. The 
progression of the sexual state is from female- 
ness to maleness. 

The carpellate plants usually produce noth- 
ing but carpellate flowers at first. Occasion- 
ally, however, there is a plant which will im- 
mediately begin to grow taller than the 
average carpellate plant and develop stamens 
in some of the flowers. These plants appear 
somewhat intermediate not only in floral 
development but also in vegetative characters. 
The vast majority, however, of the carpellate 
plants develop no such characteristics but 
begin to produce normal carpellate flowers and 
seeds and continue with the typical carpellate 
appearance. After the carpellate plants are 
well advanced in age, many of them begin to 
show a change in sex and develop stamens or 
staminate flowers. Some begin the reversal at 
a comparatively early period, others not until 
the very last flowers are produced. Some in- 
dividuals produce only imperfect stamens, ap- 
parently with defective pollen and with in- 
dehiscent anthers; others produce normal 
staminate flowers with dehiscent anthers and 
apparently normal pollen. In these normal 
staminate flowers, the perianth consists of 
typical, separate sepals exactly similar to those 
in normal staminate flowers produced on 
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staminate plants. The reversal from female- 
ness to maleness is, therefore, of every degree 
of intensity or completeness both in the 
number of flowers produced and in the degree 
of perfection of the sexual structures them- 
selves. 

A number of individuals appeared normally 
carpellate and produced 2 or 3 normal seeds 
at first and then gradually changed to the 
staminate condition until finally before they 
began to die of old age purely male sex was 
being expressed. Nothing but typical stami- 
nate flowers with dehiscent anthers was being 
produced. Femaleness had been changed to 
maleness. In one plot over 50 per cent. of 
the carpellate plants were finally reversed in 
their sexual state to a greater or less degree. 

It is evident, therefore, that in these experi- 
ments we have a complete reversal of sex from 
female to male in a species characterized by 
an extreme dimorphism and this without any 
manipulation of the plants whatever except 
that they were grown out of season with a 
deficiency of light, and a shallow soil heated 
partly from below. 

Female heredity is at first active and male 
heredity is latent, and finally male heredity 
is active and female heredity is latent. The 
change takes place in the vegetative body and 
is plainly caused gradually by an internal 
change of the physiological state or condition 
of the meristematic tissues from which the 
flowers are produced. 

Joun H. ScHAarrner 

DEPARTMENT OF BOTANY, 

THe OnIO0 STATE UNIVERSITY 
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